Abstract: While sleep disturbance has been related to a number of negative health outcomes, few studies have examined the relationship between place of birth and sleep duration among individuals living in the US. Data for 416,152 adult participants in the 2000-2013 National Health Interview Survey (NHIS), who provided self-reported hours of sleep and place of birth were examined. Associations were explored between healthy sleep (7-8 h), referenced to unhealthy sleep (<7 or >8 h), and place of birth using multivariate logistic regression analysis. The mean age of the sample was 47.4 ± 0.03 years; 56% were female. Of the respondents, 61.5% reported experiencing healthy sleep, 81.5% reported being born in the US and 18.5% were foreign-born adults. Descriptive statistics revealed that Indian Subcontinent-born respondents (71.7%) were more likely to report healthy sleep compared to US-born respondents (OR = 1.53, 95% CI = 1.37-1.71, p < 0.001), whereas African-born respondents (43.5%) were least likely to report healthy sleep (OR = 0.78, 95% CI = 0.70-0.87, p < 0.001). These findings suggest that place of birth should be considered in the assessment of risk factors for unhealthy sleep.
Introduction
Too many (>8) or too few (<7) hours of sleep (also known as unhealthy sleep) have been linked to increased risk for a number of major health issues, namely cardiovascular diseases [1] [2] [3] . Unhealthy sleep has been identified as a significant contributor to cardiovascular disease in numerous countries including the US [4, 5] . According to data from the National Health and Nutrition Examination Survey (NHANES), about 37% of US adults report sleeping less than the recommended duration of 7-8 h per night [6] . Unhealthy sleep, along with its related adverse outcomes, represents a substantial public health burden with regard to mortality rates, quality of life, and health care costs in the US, but has only recently begun to receive increased attention in the fields of public health and clinical practice [7] .
In an effort to address disparities in health, it seems prudent to analyze differences in sleep duration across racial and ethnic groups, as these sleep differences are likely related to disparities in other chronic diseases [8] . While studies of this kind are limited, evidence has emerged recently indicating differences in sleep duration among racial and ethnic minorities, suggesting a trend among ethnic minorities (particularly blacks) reporting fewer hours of sleep than Whites in the US [8] [9] [10] [11] . Ethnic differences in sleep duration have also been reported in the Netherlands, where ethnic minorities (African-Surinamese, South Asian-Surinamese, Turkish, Moroccan, and Ghanaian) reported shorter sleep durations than ethnic-Dutch (European descent Dutch) [12] . To further examine racial and ethnic differences in sleep durations, Whinnery, Jackson, Rattanaumpawan & Grandner [13] examined differences based on place of birth and reported that short sleep (<7 h) was most common among Blacks born in the US and among non-US-born Blacks. However, compared with Whites, Latinos born in the US had shorter sleep if they were in professional/management and support services occupations, but experienced longer hours of sleep if they were in labor occupations, while non-US-born Latinos were significantly less likely to report short sleep than were Whites. Their study also showed within-group differences regardless of respondents' nativity, suggesting a need for more research in these populations. These findings suggest that immigrant populations may experience unique differences in sleep, highlighting the influence of the biological, ecological, and social influences on patterns of sleep, which may also operate as mechanisms for increasing risk for other chronic diseases.
Given the dearth of published data in this important public health area, we analyzed National Health Interview Survey data from 2003 to 2013 to investigate associations between sleep duration and place of birth, while controlling for various potential confounders including demographics, behavioral risk factors, and chronic diseases. The main hypothesis tested in our in our multivariate analysis was that individuals would report differing amounts of sleep based on their place of birth.
Methods
The National Health Interview Survey (NHIS) is a yearly cross-sectional household interview survey conducted by the Centers for Disease Control and Prevention's National Center for Health Statistics. The NHIS uses a multistage area probability design, stratification, and clustering to allow extrapolation to the US civilian non-institutionalized population. Details on sample design are reported elsewhere [14, 15] . Trained personnel from the US Census Bureau collected data according to procedures specified by the National Center for Health Statistics in face-to-face interviews using computer-assisted personal interviewing. Respondents during the face-to-face interviews provided socio-demographic data (age, sex, race/ethnicity, average family income, and education), health risks (smoking status and alcohol intake), and physician diagnosed chronic conditions or diseases (hypertension, diabetes, coronary heart disease, cancer, kidney disease, stroke, and myocardial infarction).
Participants' self-report of sleep duration was ascertained by the question: "On average, how many hours of sleep do you get in a 24-h period?" All participants were asked to respond to the question on place of birth. Other variables related to disease risk, such as body mass index (BMI) were derived from self-reported weights and heights, smoking status (never smoked vs. current/past smoker), and education (high school degree/equivalent or greater vs. less than high school), health insurance (yes or no), employment status (yes or no), psychological distress within the last 30 days based on the Kessler-6 scaling system [15] . The NHIS study was approved by the Ethics Review Board (ERB) of the Center for Disease Control and Prevention and the National Center for Health Statistics. The data are publicly available.
Statistical Analysis
Analyses were based on NHIS data obtained from 927,102 adult respondents from 2003 through 2013, providing self-reported average hours of sleep and place of birth. Since the NHIS dataset includes data from different samples using a multistage area probability sampling design, all analyses were conducted using complex survey analysis techniques to account for the weights, strata, and clusters in the National Health Interview Survey design as recommended by the Center for Disease Control. These weights represent a product of weights for corresponding units computed in each of the sampling stages. Once these data were harmonized and standardized across available years, additional processing was unnecessary.
Descriptive analysis was used to ascertain sleep duration and place of birth across all available years of observation. We analyzed participant characteristics using chi-square for categorical variables and t-tests for normally distributed continuous data. Univariate associations of several socio-demographic (race, education, marital status, and poverty), health risk (smoking status, alcohol consumption, physical activity, and emotional distress), and medical conditions (prevalent hypertension, diabetes, stroke, heart attack, and heart disease) were ascertained to determine significant predictors of self-reported sleep duration. Weighted logistic regression models were performed to evaluate the effect of place of birth on the odds of reporting healthy sleep. The United States was selected as the referent country for each analysis because it accounted for the largest number of respondents in the dataset. Regression models adjusted for variables related to socio-demographic (race, education, marital status, and poverty), health risk (smoking status, alcohol consumption, physical activity, and emotional distress), and medical conditions (hypertension, diabetes, stroke, heart attack, and heart disease). All analyses were performed using Proc Survey logistic-SAS (SAS Institute, Cary, NC, USA).
Results
Of the 415,678 study participants (ages 18 years or older), 15.9% were foreign born. Table 1 summarizes the socio-demographic and health characteristics of the participants in the study based on their place of birth: foreign-born versus US-born. Foreign-born participants were more likely to be younger, less educated, earn below the federal poverty level, and sleep 7-8 h a day. US-born adults were more likely to be former smokers, current and former drinkers, obese, and more likely to have diabetes, hypertension, and coronary heart disease compared to foreign-born ones. There was no difference in the rate of adequate physical activity (>150 min/week) between foreign-born and US-born participants. The weighted prevalence of healthy sleep (7-8 h) was 62.5% overall; for foreign-born individuals, it was 66.1% and for US-born individuals, it was 61.7%. Table 2 shows results of the logistic regression analyses indicating estimates of healthy sleep (7-8 h) based on place of birth, with US-born participants as the referent group. Adjusted odds ratios were calculated with simultaneous adjustment for age, sex, race, education, alcohol, smoking, BMI, exercise, diabetes, coronary heart disease, and sleep duration. Overall, we observed a 19% greater likelihood of sleeping 7-8 h among foreign-born participants, compared with US-born participants (OR = 1.19 (95% CI = 1.15-1.23), p < 0.01). In Table 3 , we contrast the demographic and health risk characteristics of NHIS participants based on their place of birth. Individuals from Indian Subcontinent (71.2%) and Asia (68.5%) were most likely to report sleeping 7-8 h daily. Table 4 presents results of the stepwise logistic regression predicting adjusted odds ratios of sleeping 7-8 h based on place of birth. In the fully adjusted model, only individuals from Mexico, Indian Subcontinent, and Asia had a greater likelihood of sleeping 7-8 h. In contrast, participants from Africa had a significantly lower likelihood of sleeping 7-8 h (OR = 0.86 (95% CI = 0.73-1.02), p < 0.01). 
Discussion
Findings from the current study make two significant contributions to the literature on sleep and health. First, we noted that place of birth was independently associated with healthy sleep duration (7-8 h) in the US. Second, the relationship between place of birth and sleep duration varied by region.
Though our results are consistent with previous studies [10, 12, 16] finding a relationship between place of birth and sleep duration (particularly sleep problems), the current study found that place of birth was a strong determinant of heathy sleep duration (7-8 h), adjusting for several socio-demographic and medical factors. Another important finding in our study was that duration of time in the US also correlated with sleep duration. Our data showed that as foreign-born individuals live longer in the US, the likelihood of healthy sleep decreased. These findings are consistent with the literature on acculturation and sleep among foreign-born individuals, a growing segment of the US population, whereby acculturation may exacerbate sleep problems or prevent individuals from experiencing adequate sleep [16, 17] . A similar phenomenon, known as the "Latino Mortality Paradox" has been noted, particularly among Latino immigrants to the US, where they arrive in the US with better health than even the most well-to-do whites, but the longer they live in the US, the more their health declines [18] . Foreign-born individuals compared to US-born individuals, both currently residing in the US, have different sleep durations, which arguably may be attributed to biological, ecological, or psychosocial factors. These findings have clinical, scientific, and public health implications.
Biological Explanations
Differences in sleep duration based on place of birth might be explained by circadian rhythm differences among racial/ethnic groups. Recent findings indicate that circadian rhythm-behavioral, mental, and physiological changes that follow a 24-h cycle often in sync with light and darkness stimuli in one's environment-is associated with genetic ancestry making the compelling case that circadian rhythms are innate [19] . Studies have found that individuals of African ancestry have shorter endogenous free-running circadian rhythms (Tau) which indicates: (1) earlier wake-sleep time; (2) larger phase advances and shorter phase delays; (3) higher susceptibility to sleep phase advance disorder (where individuals go to bed earlier and wake up earlier); (4) decreased ability to adjust to seasonal changes where light exposure is more variable especially in higher latitude regions like the US compared to regions closer to the equator; and (5) decreased ability to adjust to nighttime shift-work [20, 21] . Therefore, we argue that since Blacks on average tend to work longer days and are more likely to be nighttime shift-workers/forced night owls they are therefore more likely to suffer from circadian misalignment which in turn affects their total sleep time [21] .
Further evidence of racial/cultural differences in circadian rhythms have been observed as early as childhood and throughout the lifespan, as childhood napping, nocturnal sleep and adult sleep architecture between African Americans and Whites appear to differ [22] [23] [24] [25] [26] [27] . Studies show that people of African ancestry have shorter circadian rhythm and are more susceptible to advance sleep phase circadian misalignment when they travel West [27] . This might explain their sleep problems living in the US. Second, recent findings indicating that individuals of African ancestry have lower amounts of slow-wave sleep compared to Whites also provides compelling evidence for our current findings. Since slow-wave sleep generally occurs during the rapid eye movement phase of sleep, lower amounts of slow-wave sleep may be attributed to restricted sleep time, shorter total sleep time [28] .
Ecological Explanations
Overwhelming evidence suggests that ecological factors, such as how close one lives to the equator may influence circadian rhythm and sleep [28] . This might explain why participants from the Indian Subcontinent, Mexico, Central America, and Caribbean Islands; regions geographically close to the equator, were more likely to report healthy sleep durations. Individuals who live closer to the equator are exposed to natural sunlight more often than individuals who live further away and are therefore more likely to have well-synchronized circadian rhythms (endogenous circadian markers that are aligned with 24-h light-and-dark cycle) [21] . Additionally, greater exposure to natural sunlight promotes greater melatonin production, a hormone responsible for inducing sleep. Arguably, individuals from Mexico, Central American, the Caribbean, and the Indian subcontinent have aligned circadian rhythms and consequently may be less susceptible to circadian misalignment and sleep disturbances, such as insufficient sleep, even after migration. Perhaps their biological circadian rhythms are entrenched and thus protected against geographical re-location. Further studies are needed to investigate this issue more thoroughly.
Although circadian biology and environmental factors play a role in explaining differences in sleep duration, they do not fully explain our nuanced findings. For example, our findings indicate that after adjusting for all possible confounders only individuals from Mexico, Indian Subcontinent, and Southeast Asia reported significant hours of healthy sleep duration. Although, these regions are located near the equator, there may be other factors protecting them from sleep disturbances, poor sleep, and unhealthy sleep duration (too many (>8) or too few (<7) hours). Previous studies indicate that a host of psychosocial factors, such as acculturative stress, may influence sleep duration [10, 16, 17] . As individuals from Mexico, Indian Subcontinent, and Southeast Asia residing in the US traditionally live in their homogenous ethnic enclaves, they may have greater protection against acculturative stress than other immigrants residing in more heterogeneous neighborhoods, and thus more likely to get healthier sleep and less likely to have sleep problems. Having more acculturative stress coupled with advanced sleep phase circadian misalignment may increase the likelihood of sleep disruptions and inadequate sleep. As we did not specifically measure acculturation in this study, future studies should explore the role of acculturation and acculturative stress in foreign-born individuals in the US and its negative effect on their sleep duration.
Conclusions
This study adds to literature evidencing differences in sleep durations by comparing racial and ethnic minorities in the US, while enabling us to draw inferences about plausible biological, ecological, and psychosocial explanations. It is important to take these explanations into account when attempting to elucidate differences or disparities in sleep by ethnicity and by immigrant status in particular. Also of note are the potential lessons to be learned from immigrants who are more likely to get healthy sleep, even while dealing with the effects of acculturation and discrimination, both of which have been found to impact sleep duration negatively [16, 29] . Research tends to frame relationships between ethnicity and health through a deficit model. Our findings present an opportunity to learn more about those psychosocial factors associated with ethnicity and immigration that may be protective in the US with respect to sleep. Biology and ecology aside, it is possible that these findings will facilitate a better understanding of the psychosocial aspects of sleep patterns among foreign-born individuals residing in the US.
While our study presents interesting findings, there are limitations worth mentioning. Our study is cross-sectional and cannot reveal causal or temporal links between place of birth and healthy sleep durations in the US. Another limitation lies in the possibility that systematic biases in self-reporting of sleep duration may affect our conclusions. Sleep was subjectively reported and foreign-born respondents may think it is more socially desirable to report more or less sleep duration and we were not able to adjust for these effects. We are also unable to determine when and where the problem with sleep duration originated; in their place of birth, or in the US. Another limitation is that the question on sleep duration only asks about total sleep in a 24-h period, but did not consider the importance of other factors such as quality of sleep, or whether the hours of sleep represent nocturnal sleep or the combination of nighttime sleep period and daytime naps [17] . Also, we did not have any detailed descriptions of neighborhood characteristics or home sleep environment of respondents that may influence sleep duration [30] . Finally, the results pertaining to length of time in the US may indicate that some of the difference that we see in sleep durations among foreign-born individuals may be related to issues associated with the acculturation process.
In summary, with the exception of African immigrants our findings demonstrate that foreign-born individuals residing in the US have favorable healthy sleep durations. However, the longer these individuals reside in the US, the more likely their sleep becomes compromised, suggesting that there may be aspects of their experience as immigrants in the US that play a role in their patterns of sleep duration and subsequent health outcomes.
